Abstract: All human-machine systems models represent context. This paper proposes a theory of context through which models may be usefully related and integrated for design. The paper presents examples of context representation in various models, describes an application to developing models for the Crew Activity Tracking System (CATS), and advances context as a foundation for integrated design of complex dynamic systems. Copyright© I998 IFAC
INTRODUCTION
Models are powerful tools for the analysis, design, and evaluation of human-machine systems. However, their utility depends on the fidelity with which they represent interactions among humans, machines, tasks, and the environment, and the effort required to develop and apply them effectively. These factors have led to the development of a variety of models that address one or more facets of analysis, design, and evaluation of a particular human-machine system, or subsystem.
Some models focus on machine behavior to better understand machine responses to human and environmental inputs and design displays, and ensure that a system will operate safely (e.g., Degani, and Heymarm, 1998; Fear-y, et al., 1997; Leveson et al., 1997; Sherry, 1995) . Others focus on operator activities to design and analyze interactions, and provide the foundation for analysis tools, gaining systems, and interface designs that incorporate knowledge-based displays and aiding functionality (e.g., Callantine, 1996; Callantine et aL, 1997 Callantine et aL, , 1998 Funk and Lind, 1992; Mitchell, 1996 Mitchell, , 1998 .
These and other successful models prescribe and/or describe, with sufficient coverage and at appropriate levels of abstraction, the salient behaviors of relevant system elements in a form that supports both computational application(s) and communication between designers and practitioners in the domain of interest (cf. Heimdahl, et al., 1997; Mitchell, 1996) .
As the complexity of systems and associated design efforts grows, it has become increasingly important to (Fig. 2) (Rubin, et al., 1988) . The proposed theory allows 'context models' to be used to explicate assumptions and support queries to the model in these cases, an idea that is further described below.
Models that represent machine behavior are typically slate-based;
Mitchell (1996, 1998) describes how operator activity models originated from state-based models. Sherry's (1995) Operational Procedure model (Fig. 3) , Leveson et aL's (1997) SpecTRM-RL (Fig.  4) , and the Statechart models developed by Degani and Heymann (1998) ( CATS models are represented in computer-readable files that afford easy editing of the activity hierarchy and conditions (Callantine, 1996) . In addition to making the specification process graphical, the CATS Modeler is designed to allow the CATS context specifiers to be defined graphically. Because CATS is designed to take system state information and constraints on operation as inputs for predicting operator activities according to the conditions in a model of operator activities, defining the data required and mechanism for evaluating a given context specifier at runtime is especially important. specifier ("aircraft altitude within limits"), and a logical equation of context specifiers used to define a context specifier that is a concept ("aircraft on vertical path").
By implementing the proposed theory, the CATS
Modeler offers a great deal of flexibility for specifying contextual information. Elemental context specifiers are defined using a simple dialog; context specifiers that are concepts can be defined as logical equations of other context specifiers. Fig. 6 shows an elemental context specifier ("aircraft akitude within limits"), and a context specifier that is a concept being defined for use in a CATS model. Fig. 7 . Choices offered for creating a "sentence" that defines an elemental context specifier using the prototype CATS Modeler.
Oneadditional noteworthy itemis theappearance of thechoice "AcrrvITY"
in Fig. 7 . Because CATS assigns 'statuses' to activities in a model as part of its processing methodology (Callantine, 1996) , the CATS Modeler offers the opportunity to 'chain' contextual information as a modeling convenience, similar to scripting activities in other models. If the conditions under which an activity attains some status is welldefined, using the fact that the activity has that status at the current time is nearly as good as explicating the context. However, interactions between the predictive and interpretive portions of the CATS processing scheme (Callantine et al., 1998) must be taken into account when exercising this option. tasked with converting constraints or assessing them in terms relevant to the machine, instead of the goals they are trying to achieve.
CONCLUDING REMARKS
This paper proposed a theory of context as a means of relating human-machine systems models in one of two ways: first, decomposing context information into its elemental form, using state descriptors with invariant meaning or, second, using one model to support context representation in another. Application of the theory could make models more representative of the system element(s) they are abstractions of, easier to specify, and better suited for a particular application.
The perspective taken establishes a starting point for integrated design, viz., the constraints that are the medium through which the system elements relate. 
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